BACKGROUND: Weight gain in perimenopausal women results in increased visceral adipose tissue, leading to metabolic syndrome and associated comorbidities. Despite a high prevalence of weight gain at this life stage, interventions to prevent menopausal obesity are lacking. AIM: To test the effectiveness of an intervention delivered by health professionals using a motivational interviewing (MI) counselling style in preventing weight gain in non-obese (body mass index (BMI) 18.5 and 29.9 kg m À 2 ) women in late premenopause. METHODS: In a randomised controlled trial, 54 women (mean (s.d.) age 47.3 (1.8) years; BMI 25.1 (2.4) kg m À 2 ) who had menstruated within the preceding 3 months were randomly assigned to an MI intervention (n ¼ 28) (five health professional MI counselling sessions) or a self-directed intervention (SDI) (print materials only) (n ¼ 26). The primary outcome, body weight (kg) and secondary outcomes (blood lipids, glucose, body fat %, lean mass % and waist circumference) were measured at baseline and postintervention (12 months), and intention-to-treat analysis was conducted. RESULTS: Forty women completed all measures and adhered to all protocols. The weight at 12 months for the MI group of 65.6 kg (95% CI: 64.5; 66.8) was significantly different (P ¼ 0.034) from the SDI group of 67.4 kg (95% CI: 66.2; 68.6). When stratified by baseline BMI category, the MI group lost significantly more weight ( À 2.6 kg; 95% CI: À 3.9; À 1.2) than the SDI group ( À 0.1 kg; 95% CI: À 1.2; 1.0, P ¼ 0.002) for the healthy weight women. The overweight women lost weight regardless of the intervention group, with no between-group difference ( À 3.5 kg; 95% CI: À 6.1, À 1.0 and À 2.3; 95% CI: À 4.1, À 0.5, P ¼ 0.467). CONCLUSION: This relatively low-intensity intervention, incorporating MI into health professional counselling, not only effectively prevented weight gain but also achieved significant weight loss and decreased diastolic blood pressure. Further refinements are required to optimise outcomes for overweight women. 
INTRODUCTION
Obesity is a key public health challenge of the postindustrialised world. Physiological and psychological factors make obesity resistant to treatment, highlighting the distinct need for prevention. 1 The high incidence of obesity means preventive efforts need to be directed to whole populations, or population subgroups at high risk. 2 Prevention of weight gain is particularly important during the menopause transition, which is associated with oestrogen deficiency-induced visceral fat deposition, 3, 4 and decreased total energy requirements secondary to loss of lean body mass, 5 creating a metabolic environment in mid-age women conducive to metabolic syndrome and weight gain. 3 Metabolic syndrome, characterised by insulin resistance, 6, 7 accounts for an estimated 48% of coronary events in postmenopausal women. 4 Observational studies provide evidence for increasing body fatness [8] [9] [10] and deterioration of the lipid profile with the menopause; 11 however, evidence of effective interventions designed to prevent menopausal weight gain is lacking.
To the authors' knowledge, only one intervention, the Women's Healthy Lifestyle Project (WHLP), 12, 13 has been published.
The WHLP randomised 535 premenopausal women into a lifestyle intervention group (15-session diet and exercise education program followed by a maintenance program for 5 years) or an assessment-only control group. The lifestyle group lost a mean (s.d.) of 0.1 (5.2) kg and only raised low-density lipoprotein (LDL)-cholesterol by 0.09 mmol l À 1 after 54 months compared with the control group, which gained 2.4 (4.9) kg and had a rise in LDL-cholesterol of 0.23 mmol l À 1 . 13 These results, while impressive, required intensive resources for the intervention, making population-wide application problematic. Lower intensity interventions that are feasible and sustainable are needed.
The Australian primary health-care setting provides a model to test an intervention for women about to enter menopause. The National Health Service, Medicare Australia, funds up to five consultations per year with an allied health practitioner (including Dietitians and Exercise Physiologists) for patients with chronic and complex medical problems referred by their general practitioners.
14 Extension of this service-delivery model to prevent obesity in women in late premenopause would provide a relatively low-intensity, sustainable, national intervention aimed at preventing obesity in a high-risk group. The aim of the current study was to test the feasibility and effectiveness of a 12-month health professional intervention (the 40-Something study) in preventing obesity in non-obese premenopausal women, in comparison with women self-directing their intervention after receiving written information.
MATERIALS AND METHODS

Study design and participants
A parallel-group randomised controlled trial (RCT) design was used to compare the health professional-led intervention (motivational interviewing (MI) intervention), with a written information self-directed intervention (SDI). The study consisted of a 12-month intervention phase followed by 12 months of monitoring only, and conformed to CONSORT guidelines. 15 The study received ethical approval from the University of Newcastle Human Research Ethics Committee (H2010-0030), and was registered with the Australian New Zealand Clinical Trials Registry (reference number ACTRN12611000064909). The detailed methods of the study have been published. 16 Participants were recruited from the Newcastle region, Australia, through television, radio and print media. They were screened against inclusion criteria (women aged 44-50 years at baseline, with a body mass index (BMI) between 18.5 and 29.99 kg m À 2 , menstruated within preceding 3 months, free of major diseases including cardiovascular disease, diabetes and cancer) by telephone interview between May and July of 2010 and provided written informed consent. Women were categorised by BMI as healthy weight (HW) (18.5 À o25 kg m À 2 ) or overweight (OW) (25 À o30 kg m À 2 ), according to their baseline measures, and then randomly assigned to the MI or SDI group using computer-generated number sequences (one list for each BMI group) compiled by a statistician using the ProcPlan procedure in SAS Version 9.2 (SAS Institute Inc, Cary, NC, USA). As each woman presented for baseline measures, her name was recorded against the next vacant number. Later that same day, the researcher who held the allocation list phoned each woman to inform them of their intervention assignment. Reasons for withdrawal were sought from those leaving the study. The target sample size was 55, to obtain a significant (Po0.05) difference of 3.5 kg between the mean weight of the two groups at 24 months (based on an expected mean gain of 1.0 kg in 24 months in the SDI group, 17 and a mean loss of 2.5 kg in the MI group based on the achievement of intervention goals).
Intervention goals and description
Goals and behaviour change strategies. All participants were given a weight management booklet (16 pages, A5 size) appropriate to their baseline BMI. The HW women were given a booklet that provided advice to maintain their weight within 1 kg by consuming 8300 kJ and walking 10 000 steps per day and performing 150 min per week of moderate to vigorous activity. The version for the OW women provided advice to lose weight to achieve a weight in the healthy BMI range (mean recommended weight loss of 5 kg (7% of a baseline of 73 kg)) by consuming 6300 kJ and walking 10 000 steps per day and performing 250 min per week of moderate to vigorous activity. Participants were encouraged to achieve these goals through individually tailored behaviour change strategies based on results of baseline and 3-month dietary intake and physical activity measures, and these were documented on a sheet headed 'my goals'.
Health professional intervention using MI. Women assigned to the MI group received five consultations with health professionals across the intervention. 18 Within 1 month of baseline measures, participants received an individual counselling session with a Dietitian (1 Â 60 min) and an Exercise Physiologist (1 Â 60 min). They were provided with written copies of their baseline anthropometric, dietary and physical activity assessments, which guided client-centred discussion where the women developed personal strategies for weight control. The remaining 3 Â 60 min individual counselling sessions were conducted by the same Dietitian 3, 6 and 9 months after the first appointment. The health professionals (one Dietitian and two Exercise Physiologists) were registered Medicare providers who reported undertaking additional training in MI (including online courses, self-directed reading and workshops). The health professionals followed a written protocol for each session consistent with the approach of MI by aiming to develop a collaborative partnership, using a guiding method of communication to create an environment where the client felt comfortable to explore and resolve ambivalence to behaviour change, 18 thereby enhancing intrinsic motivation (see Supplementary Information for the way in which MI was applied). The integrity of MI was measured by an independent psychologist using the MI Integrity Tool (MITI) version 3.
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SDI (control). The SDI group was mailed the same weight management booklets as the MI group together with a print copy of their baseline anthropometric, biochemistry, dietary and physical activity results and materials to assist self-monitoring of weight, dietary intake and physical activity, together with documented goals and strategies tailored to their results by the health professionals. This occurred within a month of attending baseline, and 3-and 12-month measures. An important distinction is that these goals and strategies were set by the practitioners and mailed to participants, whereas the MI women developed their goals and strategies in face-to-face consultations.
Outcome measures
The primary outcome measure, weight, was collected by a trained assistant at baseline and 3 and 12 months after the intervention commenced. Participants were weighed at each visit using BIA Omron HBR-500 Body Composition Monitor with Scales (Omron Healthcare Co. Ltd, Kyoto, Japan) corrected to 0.1 kg in light indoor clothing after an overnight fast and voiding of urine. Secondary outcome measures (fat mass, lean mass, waist circumference and blood pressure) were collected at baseline and 3 and 12 months, with total cholesterol, LDL-cholesterol, high-density lipoprotein-cholesterol, triglycerides and fasting glucose collected at baseline and 12 months. Blood was collected from fasted participants by a trained phlebotomist and analysed at a nationally accredited pathology laboratory. Visceral adipose tissue (VAT) area was collected at 12 months as an addition to the original protocol when new equipment became available.
Weight control behaviours, including dietary intake (4-day weighed food record), physical activity (pedometer steps, minutes spent weekly in light, moderate and vigorous activity and International Physical Activity Questionnaire (IPAQ) 20, 21 ) and sedentary behaviours (sitting time 22, 23 ), were measured at baseline and 12 months to assess intervention impact, and at 3 months to assess protocol compliance. Reported health behaviours and attitudes (Three Factor Eating Questionnaire 24 ) and health-related quality of life measures (Short Form-36; Ware et al. 25 ) were collected, along with demographic data using a written survey at baseline and 12 months. A menstruation diary was kept throughout the study to assess change in menopause status.
Statistical management and analysis
All analyses were conducted in SPSS Version 19.0 (IBM, Armonk, NY, USA). Unpaired t-tests and w 2 -tests on continuous and categorical variables, respectively, were used to compare the baseline characteristics of the two intervention groups. Continuous variables were checked for plausibility of outliers, and then for normality of distribution using the Shapiro-Wilk test. Non-normally distributed variables were transformed, and non-parametric analyses conducted any variables that did not normalise with transformation. Intention-to-treat (ITT) principles were applied to statistical analyses of the outcome variables, using the last observation carried forward method to impute values for missing data. Betweengroup differences for the outcomes were tested using analysis of covariance, with baseline values as covariates, and intervention group as the fixed factor, with the exception of VAT for which there was no baseline data (unpaired t-tests at 12 months were conducted in this case). To explore differences in outcomes according to whether the women were HW or OW at baseline, the tests applied to the whole group were repeated for each BMI category by intervention type (HW-MI, HW-SDI, OW-MI and OW-SDI).
Success in achieving intervention weight goals was assessed for each participant and scored as a dichotomous variable according to whether they achieved their goal (assigned a score of one) or not (assigned a score of zero). Healthy weight women scored one if they gained o1 kg from baseline to 12 months. Overweight women scored one if their 12-month weight was 7% less than baseline and/or gave a BMI within the HW range. The proportion of those achieving their goal in each intervention group was compared using w 2 -tests. Those who dropped out before 12 months were included as a third category in the analysis.
Low-intensity intervention in mid-age women LT Williams et al RESULTS Participants Figure 1 shows the flow of participants through the study and reasons for withdrawal (14/54, 25.9%). Baseline demographic and weight-related characteristics are shown in . Four women (all MI) had become perimenopausal and none were postmenopausal by 12 months. Forty women participated in all three data collection points, with the only difference in demographic and health characteristics between them and those who did not stay in the study to 12 months, being a higher mean body fat mass in the attriters (38.4% vs 35.0%, P ¼ 0.046).
Intervention delivery All 40 women received all components of the relevant intervention according to the protocol. The assessment of randomly selected audiorecordings of consultations showed the clinical counselling style to be collaborative and supportive, and met proficiency requirements for open-ended questions, but fell below beginning MI proficiency level for the summary score of global spirit ratings (score ¼ 3.11, beginning proficiency ¼ 3.5) and reflections to questions ratio (score ¼ 0.75, beginning proficiency ¼ 1). Behaviour counts for percent complex reflections were below proficiency (score ¼ 7.33%, beginning proficiency ¼ 40%) and percent MI-adherent behaviours (score ¼ 45.33%, beginning proficiency ¼ 90%).
Effects on 12-month body weight of intervention and baseline BMI There was a significant intervention effect (P ¼ 0.034) on weight at 12 months after adjusting for baseline weight as shown by the data in Table 2 . Subanalyses according to baseline BMI showed the HW-MI women lost a mean of 2.5 kg over the 12 months, a significant decrease from baseline (P ¼ 0.002), whereas the HW-SDI women showed no change over time (P ¼ 0.862). There was a significant intervention effect for the HW women at 12 Low-intensity intervention in mid-age women LT Williams et al months (P ¼ 0.002) as shown in Figure 2a . The women who were OW at baseline lost a significant amount of weight over 12 months (2.9 kg; 3.9% body weight, P ¼ 0.001). Subanalyses showed that the OW-MI and the OW-SDI groups both lost similar amounts from baseline to 12 months (3.5 and 2.3 kg, respectively), with no between-group difference at 12 months (P ¼ 0.467) (see Figure 2b ). Achievement of intervention goals for weight change Although there was no significant difference in goal achievement according to group (P ¼ 0.071), there was a difference for the HW women but not OW women (P ¼ 0.006 and 0.778, respectively) ( Figure 3 ). All 14 HW women who received the MI intervention achieved the goal of not gaining weight, and 100% completed the intervention. This was significantly different from the HW-SDI women, six of whom did not gain weight, four of whom gained 1 kg or more and three of whom withdrew. Conversely, the type of intervention had no effect on the rate of success or withdrawal for the women who commenced the intervention in the OW BMI category, with five of 14 OW-MI women and four of the 13 OW-SDI women attaining the goal of losing 7% of baseline weight or being categorised within the HW range. The women who were HW at baseline all maintained that BMI category to 12 months, and six of the 27 women who were OW at baseline attained a BMI in the HW range. While 10 of the 16 OW women remaining in the study to 12 months failed to attain the HW range (five in each intervention condition), none gained weight.
Intervention effects on secondary outcome measures: other anthropometry and biomarkers of metabolic syndrome Changes in the secondary outcome variables according to intervention group are reported in Table 3 . After 12 months, there were statistically significant between-group differences for waist circumference and diastolic blood pressure. The mean baseline results for biomarkers of metabolic syndrome were within recommended levels, and remained so at 12 months.
DISCUSSION
The 40-Something RCT showed that a relatively low-intensity intervention (five health professional consultations) was effective in preventing menopausal obesity. Subgroup analyses revealed that, for the women who were HW at baseline, the MI intervention was more effective than the SDI. However, both interventions worked to some extent for the women OW at baseline, with both groups losing an amount of weight previously shown to improve the well-being in this target age group, 26 but no between-group difference in weight at 12 months. No OW women gained weight or became obese during the 12 months, regardless of the intervention group.
While a multitude of intervention studies aimed at weight loss have been published, 27 there are few obesity prevention intervention studies with which to compare the 40-Something RCT results. 28, 29 An Australian RCT, the HeLP study, aimed to prevent weight gain in a group of slightly younger, premenopausal women (mean (s.d.) age of 40.39 (4.77) years) of similar BMI (27.8 (5.4) kg m À 2 ). 29 The HeLP intervention was similarly of relatively low intensity (four interactive group sessions conducted by a health professional plus monthly text messaging support) plus a 30-min education session. 29 At 12 months the intervention group maintained weight (0.20 kg, 95% CI: À 0.90-0.49), whereas the control group gained weight (0.83 kg, 95% CI: 0.12-0.54), with a significant between-group difference in weight change at 12 months (Po0.05). 30 In the few weight gain prevention interventions in women, there is a lack of consistency in setting weight maintenance goals. The HeLP study defined within 1 kg as weight maintenance, 29 which was similar to the two pounds set by Levine and co-workers 31 in a US study of weight gain prevention in women 25-45 years. 31 The WHLP advised women with BMI p24 kg m À 2 to first lose weight (between 2.3 and 6.8 kg depending on baseline BMI), to 'prevent any weight gain above baseline'. 32 So, rather than preventing weight gain because of a net weight change of zero, they actually observed an initial sharp decrease in weight and a gradual regain, which was then counted as success. The 40-Something RCT considered a gain of o1 kg as prevention of weight gain for the HW women, which was similar to the HeLP study. 29 The OW women in the 40-Something RCT were encouraged to lose 5 kg or to attain an HW BMI by losing up to 5 kg. 
. Nine participants answered 'don't know' in response to at least one of the questions in the IPAQ survey at baseline and according to the scoring protocol their results were excluded from the analysis.
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The 40-Something RCT goals may have been too difficult to attain, especially for those commencing the study in the OW range who needed to lose up to 7% of their body weight to be deemed successful. The WHLP, using the less stringent measure of success as being 'at or below baseline weight', 32 found 55% of lifestyle intervention participants achieved this goal, compared with 26% of controls after 54 months. Applying the WHLP criterion to the 40-Something RCT results, 68% women in the MI group and 39% in the SDI group were at or below their baseline weight after 12 months. One major difference between the two studies, the final data collection point for WHLP of 54 months, should be emphasised.
One of the challenges of a weight gain prevention study, and a possible factor explaining why so few are conducted, is that the study aim is to achieve weight stability, which is zero change. While successful interventions for weight loss can demonstrate significant weight decreases, by definition, weight gain prevention studies consider zero change as success. National health goals advise populations to maintain weight, yet there is no agreed definition of weight maintenance, highlighting a need for a standardised definition to ensure consistency between studies. 26, 33, 34 Given the fidelity assessment of the MI counselling sessions, we know that there was no difference in the way the intervention was delivered to the HW and OW women, but there was a difference in outcomes. One potential explanation for the differential success of the intervention in HW and OW women is that the task for the OW women was more difficult owing to problematic behaviours, an obesogenic environment and physiological challenges. Physiologically, the overweight women had significantly higher mean VAT levels at 12 months (92.0 vs 71.2 cm 2 , P ¼ 0.013) increasing the likelihood of insulin resistance. 35 In a behavioural intervention study of a cohort of 158 healthy, mid-age (mean (s.d.) age of 48 (4.5) years), women in the United States, baseline psychosocial and behavioural characteristics of participants, including the number of previous attempts at weight loss by overweight women, were associated with increased attrition and decreased weight loss success rates, 36 which may make them more resistant to treatment upon entering the study. 36 This may have applied to the women in the 40-Something RCT given a similar recruitment environment.
Given these biopsychosocial barriers to weight loss, it is notable that the overweight women achieved moderate weight loss, and all those remaining in the study (16/27) managed to prevent weight gain. Interestingly, the health professional-led MI intervention did not add any benefit beyond the SDI for these women. It is possible that the MI counselling intervention was not intensive enough to make a difference above the SDI, or that the overweight women did not respond well to an approach that relies on intrinsic motivation. The extrinsic motivation received from the process of returning for measurement may have been the main driver for their weight loss, resulting in the observed equal effect for the MI and the SDI groups. In the SHED-IT weight loss RCT for men, also a low-intensity program, a positive change in the minimal intervention group resulting in a lack of betweengroup difference was also observed. 37 While diastolic blood pressure decreased owing to the intervention, there was no statistically significant impact on the biomarkers of metabolic syndrome. An RCT conducted in the United Kingdom designed to improve cardiovascular risk factors in a male and female population (mean (s.d.) age 50.22 (50.58) years), using a similar intervention (five face-to-face MI counselling sessions by a dietitian and physical activity specialist), observed an intervention effect for cholesterol. 38 However, unlike the 40-Something study, the mean baseline cholesterol was in the hypercholestrolaemic range. 38 The HeLP study intervention group Non À normally distributed-Mann À Whitney U-test used. c Ten women (3 MI and 7 SDI) who had blood collected at 12 months are missing some results owing to a laboratory reporting error (6 missing LDL-cholesterol, 3 missing HDL-cholesterol and therefore total cholesterol to HDL ratio, and 2 missing fasting blood glucose). One woman declined blood collection at all timepoints.
d VAT measures were only collected at 12 months on 40 women-differences were calculated using unpaired t-tests; n varied as follows:
did not improve their metabolic profile, but the profile of the control group deteriorated. 30 Similarly, the intervention group in the WHLP study had a significantly better metabolic profile (LDL-cholesterol, triglycerides and glucose) than the assessmentonly group, 13 because the intervention group stayed the same while the control group profile deteriorated by the end of the 54-month period. 13 The 40-Something study managed to maintain the metabolic profile for both groups over 12 months. The study duration would need to be extended to assess the impact of the intervention on metabolic measures into peri-and postmenopause.
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The 40-Something study had several strengths. First, it addresses a current gap in the literature of RCT's in weight gain prevention, and secondly it targets a group at high risk of weight gain with comorbid consequences. Other strengths include the RCT design, with all but one of the researchers remaining blind to the group assignment for the study duration, and ITT analysis for all outcome measures. Having one Dietitian conduct appointments 1, 3, 4 and 5 for all participants ensured intervention consistency. Another strength of the research is its high translational potential, given that the model was based on a relatively low-intensity intervention that could be delivered through an existing primary health-care system. The limitations include not being sufficiently powered to assess the secondary outcomes, the lack of a no-treatment or wait-list control group, and the lack of an attention control group, which meant it was not possible to evaluate the effects of MI above the health professional contact. The proficiency in MI of the health professionals was not assessed before the study, although it was measured during the study. While the MI did not reach proficiency on all measures, these results were reported, which is rarely the case in MI studies. 39 The 40-Something study provides learnings for future interventions with menopausal women. This includes the importance of monitoring of menstrual status to determine stage of the menopause transitions, a simple measure unnecessarily lacking in most studies that include women of menopausal age. Measurement of compliance to the intervention protocol is recommended practice, but it is especially important to determine mediators of success in complex behaviour change projects such as changing dietary intake and physical activity. In MI interventions, the 40-Something results highlight the importance of audiorecording consultations to enable MI fidelity assessment-to determine how closely intervention delivery follows the intended protocol.
The 40-Something RCT has demonstrated that a relatively lowintensity intervention is effective in preventing menopausal weight gain over 12 months. The client-centred intervention using MI counselling was effective for the HW women; however, it was no more effective than an SDI for overweight women. Future research should establish the intensity of the health professional appointments needed to optimise outcomes for overweight women.
